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INTRODUCTION 

The Donald C. Cook Nuclear Plant is located on the southeastern shore of 
Lake Michigan, in Lake Township, Berrien County, Michigan. The plant is 
approximately 11 miles south of Benton Harbor and 2 miles north and west of 
Bridgman, Michigan. 

A two-unit electric generating station, the plant is rated at 2,200 
megawatts and draws cooling and service water from Lake Michigan through three 
intake pipes from approximately 2,250 feet offshore in 24 feet of water. The 
plant employs a once-through cooling system, returning used cooling water to the 
lake through two diffuser discharge structures located approximately 1,200 feet 
offshore in 18 feet of water. 

Unit 1 began operating in January 1975 and unit 2 in early 1978. With both 
units at full power the condenser cooling water flow rate is 1,645,000 gpm 
(3,650 cfs) and the total heat rejection rate is 15.5 x 10^ Btu per hour. Unit 
1 at full power imparts to the condenser cooling water a temperature rise of 
21.8 F^; unit 2 at full power produces a rise of 16.7 F° in its cooling water. 
Used cooling water from unit 1 returns to the lake through a two-slot diffuser 
discharge structure; that from unit 2 through a three-slot diffuser discharge 
structure. The exit velocities at both diffusers are about 13 ft/sec. The 
discharge velocities create an area of high turbulence in front of each 
discharge structure. The regions of high turbulence are short-lived, both 
temporally and spatially, as ambient water is rapidly entrained into the 
discharged water and the velocity of the discharged water falls quickly to 
ambient current velocity. 

Phytoplankters drawn into the plant with cooling water are subject to 



sudden increase in temperature, mauling by pumps, high velocity discharge, 
and rapid dilution with cooler water • 

Operation of the plant, then, has at least the potential of affecting the 
structure of the phytoplankton community. 

The strategy for detecting changes in the phytoplankton community near the 
Cook Plant involves comparisons of phytoplankton abundances in three depth zones 
near the plant to abundances in the same three depth zones at distances 2 miles 
or more away from the plant. In any one survey these comparisons are spatial 
but, repeated over time, they allow temporal comparisons as well. The temporal 
comparisons primarily consist of conditions in preoperational years compared 
against operational years. Conditions in preoperational years provide a measure 
of natural variation against which variations in operational years may be 
compared to detect possible plant-related perturbations. 

This report serves the double purpose of recording the results of seasonal 
surveys made in 1980, 1981, and April 1982 and of reporting additional preopera- 
tional vs. postoperational analyses according to the strategy outlined above. 

Figure 1 shows the station positions of the present 36-station sampling 
grid centered on the Cook Plant. This grid, used after April 1972, replaced an 
earlier 54-statioQ grid. Table 1 compares the two sampling grids and shows the 
stations dropped and stations retained in changing to the 36-station grid. 

At all complete stations in Figure 1 phytoplankton, zooplankton, ben- 
thos, and physical measurements are collected during the seasonal surveys. 
The physical measurements consist of surface-water temperature, water depth, 
Secchi disc water transparency, and water color as seen above the white 20-cm 
Secchi disc, as well as weather conditions and wind and wave characteristics. 
The seasonal physical data are given in Appendix A. 
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TABLE 1. Comparison of the original 54-station seasonal sampling grid to the 
36-station sampling grid which was instituted in the April 1972 seasonal survey 
at Cook Plant. X denotes a retained station. — denotes an omitted station. 
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*Sampled occasionally in the years since 1972, 



Occasionally weather or logistical difficulties result in some stations 
of a survey being taken a day ahead of or a day later than the bulk of the 
stations. This results in different dates on the phytoplankton station 
collection sheets which are reproduced in Appendix B. It has been our custom to 
use the day when the bulk of the stations were taken as the date of the survey. 

Parts of the material presented here have been used by the Indiana & 
Michigan Electric Company in their Cook Plant Annual Environmental Operating 
Reports. Other parts, including the appendices of physical data, phytoplankton 
station collections, and master lists of phytoplankton collected, were not in 
the company report and have been added. The master lists of phytoplankton 
collected constitute Appendix C. 

TECHNIQUES 

Phytoplankton samples are collected by Niskin bottle from a depth of 1 m, 
with the exception of the nearshore stations. Nearshore collections (serial 
number zero stations) are made by submerging an open ] -liter bottle 4 inches 
below the water surface. All samples are 1-liter whole samples. Each sample is 
fixed with Utermohl's iodine fixative Immediately after collection and stored in 
an opaque container. 

In the laboratory, each sample is concentrated to 100 mL by settling in a 
1,000-mL graduate cylinder and siphoning off 900 mL of fluid. The concentrated 
sample is stored in a 100-mL opaque bottle. 

The samples of 1971 and of April 1972 were prepared and counted by the 
Utermohl technique: placing an aliquot of the concentrated sample in a tubular 
combination settling and counting chamber and allowing the aliquot to settle 
overnight. The counting chamber containiag the settled cells was then separat»-d 
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from the settling chamber, covered, and placed on the microscope. The samples 
were counted on a binocular inverted microscope at 1,000X magnification. 

Beginning with July 1972, and continuing since, the method of concentration 
for species identification and enumeration has been the settle-freeze method as 
proposed by Sanford et al . (1969). The method entails 2 days' settling of 1,000 
mL of sample in a graduated cylinder. On the third day the top 900 mL are 
siphoned off and discarded. Part of the remaining 100 mL is used for 
preparation for the microscope slide and the rest is kept for any possible 
further references or back checking. 

The once-settled sample is then diluted if need be and settled again, this 
time in 18--mL cylinders. These cylinders are attached with a small amount of 
stopcock lubricant (to prevent leakage) to the microscope slides which rest on 
an aluminum plate one quarter inch thick. The whole apparatus is then secured 
together mechanically. The microscope slides, prior to having the cylinders 
placed on them, were treated with Dessicote to provide a hydrophobic surface to 
the slide. After the samples have settled overnight, the aluminum plate on 
which they rest is placed on a block of dry ice for 90 seconds or less. This 
freezes the bottom 1-1.5 mL. The unfrozen part is then discarded and the 
cylinders are removed from the slides. The slides are then placed in an 
anhydrous ethanol chamber for 2 days, and then in a toluene chamber for 2 days. 

The first chamber removes the excess water and the second prepares the 
samples for their final mounting in toluene-based Permount^. One drop of 
Permount® is put on the slide, a cover slip is then placed over it, and the 
slide is allowed to dry for 2 days or more. 

The specimens are counted, at 1,200X under oil immersion on a Leitz Ortho- 
lux microscope, to species, variety, and form when practical, otherwise to genus 



or group. Only those specimens that appear to have been viable at the time of 
collection are counted. Two sweeps of the slide are made, one vertical and one 
horizontal. This provides an indication of the randomness of the species on the 
slide. 

All species are counted to individual cells, except for filamentous blue- 
green algae with cylindrical trichomes which are counted as individual 
organisms. Prior to 1974 all colonial blue-greens were counted as single 
organisms; the change in counting resulted in an apparent increase of blue- 
greens beginning in 1974. 

Phytoplankton abundances derived from the counts are calculated as cells 
per liter, but are divided by 1,000 In the computer print-outs. 

Species and forms are presented In the way in which they are recognized and 
counted. Examples are: The flagellate Cryptomonas is recognized and counted 
separately from unidentified "Flagellates"; Anacyst is and Chroo coc cus are no 
longer recognized as separate entities, but counted together as Anacystis in 
accordance with Drouet's (1968) revision of blue-green taxonomy. 

RESULTS AND DISCUSSIONS 
The authors believe that the materials presented in this section will be 
more convenient for both authors and readers if presentation of the results and 
discussion of the results are not separated. We believe that the reader will 
have no difficulty in distinguishing between the objective presentation of the 
results and our subjective discussion of them. 

P hytoplankton Summary Tables 

The phytoplankton summary tnbles employed here are basted on the ones used 
by the Michigan Water Resources Commission at the time our reporting procedures 



were established (MWRC 1970). Our summaries differ from theirs in that we count 
the numbers of cells In filamentous and colonial forms (except blue-green algae 
with cylindrical trichomes which are counted as Individual organisms), while the 
Commission counts a filament or colony as a single organism. The station 
collection records from which the summaries were prepared constitute Appendix B. 

The summary table for each seasonal survey presents, station~by-station , 
the surface-water temperature at the time of collection, the numbers per mL of 
each of ten major categories of planktonic algae, and the dominant (and 
codominant, see below) species or groups. The categories of phytoplankton 
employed are: coccoid blue-green algae, filamentous blue-green algae, coccoid 
green algae, filamentous green algae, flagellates, centric diatoms, pennate 
diatoms, desmids, other algae, and total algae. The summary tables allow quick 
assessment of the general compositions of the populations sampled, the ambient 
water temperature, and give the dominant and codominant species or groups 
(forms). The summary tables presented in Table 2 cover the surveys of spring 
(April), summer (July), and fall (October) of 1980, 1981, and April 1982. 

Dominant and C odominant Phyto plankte rs 

In each phytoplankton sample, one form (species or group) is typically 
present in greater abundance than the others. We designate these species or 
groups as "dominant." In many samples, however, one or more other species or 
groups will come close to matching the numbers of the dominant form; we 
designate these slightly less abundant forms "codominants" and list them along 
with the dominant in the "Dominant species" column of Table 2. 

In Table 3 the dominant and codominant forms in the station collections of 
each seasonal survey of 1970 through April 1982 have been assembled and the 
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TABLE 3. The dominant and codominant phytoplankters in the Cook Plant 
seasonal surveys of preoperational 1970 through 1974 and operational 1975 
through April 1982. 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



10 July 1970 



Tabellaria fenestrata (diatom) 

Cyclotella sp. (diatom) 

Fragilaria crotonensis (diatom) 

Melosira sp. (diatom) 

Dinobryon divergens (flagellate) 

Flagellates 

Melosira granulata (diatom) 

Melosira granulata v. angustissima (diatom) 

Qocystis solitaria (green) 

Anabaena circinalis (blue-green) 

Chlamydomonas sp. (flagellate) 

Microcystis aeruginosa (blue-green) 

Melosira islandica (diatom) 

Melosira italica (diatom) 



40 
9 
7 
3 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 



25 Sept 1970 



12 Nov 1970 



Chlamydomonas sp. (flagellate) 

Fragilaria crotonensis (diatom) 

Dinobryon divergens (flagellate) 

Qocystis sp. (green) 

Gloeocystis sp. (green) 

Melosira granulata (diatom) 

Chroococcus limneticus (blue-green) 

Ochromonas sp. (flagellate) 

Melosira granulata v. angustissima (diatom) 

Peridinium sp. (flagellate) 

Closteriopsis sp. ("other" alga*) 

Cryptomonas sp. (flagellate) 

Cyclotella sp. (diatom) 

Tabellaria fenestrata (diatom) 

Tetraedron minimum ("other" alga*) 

Ochromonas sp. (flagellate) 
Chlamydomonas sp. (flagellate) 
Cryptomonas sp. (flagellate) 
Fragilaria crotonensis (diatom) 
Crucigenia rectangularis ("other" alga*) 
Cyclotella sp. (diatom) 



28 

13 

10 

10 

7 

7 

4 

3 

2 

2 

1 

1 

1 

1 

1 

33 
19 
3 
3 
1 
1 



(continued) 
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TABLE 3. Continued, 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



15 April 1971 



9 July 1971 



Ochromonas sp. (flagellate) 
Melosira sp. (diatom) 
Chlamydomonas sp . (flagellate) 
Tabellaria fenestrata (diatom) 
Stephanodiscus sp. (diatom) 
Fragilaria crotonensis (diatom) 
Cyclotella sp. (diatom) 
Fragilaria sp. (diatom) 

Gloeocystis sp. (green) 
Oocystis sp. (green) 
Glenodinium sp. (flagellate) 
Dinobryon divergens (flagellate) 
Tabellaria fenestrata (diatom) 
Cyclotella sp. (diatom) 
Fragilaria crotonensis (diatom) 
Scenedesmus sp. ("other" alga*) 
Crucigenia sp. ("other" alga*) 
Fragilaria sp. (diatom) 
Westella linearis (green) 

Ochromonas sp. (flagellate) 
Tabellaria fenestrata (diatom) 
Fragilaria crotonensis (diatom) 
Gloeocystis sp. (green) 
Chlamydomonas sp. (flagellate) 
Cryptomonas sp . (flagellate) 
Aphanothece sp. (blue-green) 
Oocystis sp. (green) 
Fragilaria sp. (diatom) 



12 April 1972 Tabellaria fenestrata (diatom) 
Chlamydomonas sp. (flagellate) 
Cyclotella sp. (diatom) 
Stephanodiscus sp. (diatom) 
Gloeocystis sp . (green) 



8 Nov 1971 



24 

15 

15 

14 

13 

9 

6 

1 

47 

18 

12 

10 

8 

4 

3 

1 

1 

1 

1 

20 
17 
7 
6 
4 
3 
2 
1 
1 

13 
8 
7 
6 
4 
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TABLE 3. Continued. 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



16 July 1972 



15 Oct 1972 



25 April 1973 



19 July 1973 



23 Oct 1973 



Tabellaria f enestrata (diatom) 14 

Gloeocystis sp. (green) 5 

Chlamydomonas sp. (flagellate) 5 

Fragilaria intermedia (diatom) 4 

Fragilaria capucina (diatom) 4 

Fragilaria crotonensis (diatom) 3 

Dinobryon sp. (flagellate) 3 

Flagellates 2 

Anabaena sp. (blue-green) 2 

Glenodinium sp. (flagellate) 1 

Oocystis sp. (green) 1 

Melosira granulata (diatom) 26 

Chroococcus limneticus (blue-green) 4 

Flagellates 3 

Chroococcuss p. (blue-green) 2 

Stephanodiscus minutus (diatom) 21 

Flagellates 12 

Cyclotella sp. (diatom) 5 

Stephanodiscus sp. (diatom) 3 

Fragilaria crotonensis (diatom) 1 

Gloeocystis sp . (green) 1 

Chlamydomonas sp . (flagellate) 1 

Melosira granulata (diatom) 1 

Tabellaria fenestrata v. intermedia (diatom) 1 

Stephanodiscus tenuis (diatom) 19 

Cyclotella stelligera (diatom) 10 

Melosira granulata v. angustissima (diatom) 4 

Chlamydomonas sp. (flagellate) 4 

Cyclotella sp. (diatom) 2 

Cyclotella atomus (diatom) 1 

Anacystis incerta (blue-green) 1 

Flagellates 1 

Gloeocystis sp. (green) 1 

Coccom3rxa coccoides (green) 1 

Melosira granulata v. angustissima (diatom) 20 

Flagellates 9 

Chlamydomonas sp . (flagellate) 3 

Fragilaria crotonensis (diatom) 2 

Melosira granulata (diatom) 1 



(continued) 
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TABLE 3. Continued. 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



20 April 1974 



11 July 1974 



9 Oct 1974 



17 April 1975 



Fragilaria crotonensis (diatom) 20 

Flagellates 18 

Stephanodiscus tenuis (diatom) 11 

Synedra f iliformis (diatom) 3 

Fragilaria intermedia v. fallax (diatom) 1 

Melosira granulata (diatom) 1 

Melosira italica (diatom) 1 

Stephanodiscus minutus (diatom) 1 

Fragilaria crotonensis (diatom) 27 

Flagellates 21 

Anacystis incerta (blue-green) 2 

Anabaena f los-aquae (blue-green) 1 

Cyclotella stelligera (diatom) 1 

Tabellaria fenestrata v. intermedia (diatom) 1 

Thalassiosira pseudonana (diatom) 1 

Stephanodiscus tenuis (diatom) 1 

Anacystis incerta (blue-green) 22 

Flagellates 21 

Gomphosphaeria lacustris (blue-green) 11 

Anacystis thermalis (blue-green) 3 

Fragilaria crotonensis (diatom) 2 

Asterionella formosa (diatom) 1 

Melosira granulata (diatom) 1 

S t ephanod i s c us minutus (diatom) 1 

Stephanodiscus tenuis (diatom) 1 

Flagellates 24 

Stephanodiscus tenuis (diatom) 17 

Fragilaria crotonensis (diatom) 15 

Stephanodiscus minutus (diatom) 8 

Cyclotella stelligera (diatom) 7 

Tabellaria f locculosa (diatom) 3 

Tabellaria fenestrata v. intermedia (diatom) 1 

Melosira islandica (diatom) 1 

Anacystis incerta (blue-green) 1 

Fragilaria capucina (diatom) 1 

Fragilaria intermedia (diatom) 1 

Synedra f iliformis (diatom) 1 



(continued) 
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TABLE 3. Continued, 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



17 July 1975 



17 Oct 1975 



14 April 1976 



14 July 1976 



Gloeocystis sp. (green) 

Flagellates 

Anabaena f los-aquae (blue-green) 

Green coccoid unknown 

Fragilaria crotonensis (diatom) 

Cyclotella stelligera (diatom) 

Gloeocystis planctonica (green) 

Anacystis incerta (blue-green) 

Gomphosphaeria lacustris (blue-green) 

Fragilaria crotonensis (diatom) 

Flagellates 

Anabaena flos-aquae (blue-green) 

Gloeocystis sp. (green) 

Ochromonas sp. (flagellate) 

Synedra f iliformis (diatom) 

Flagellates 

Fragilaria crotonensis (diatom) 
Asterionella formosa (diatom) 
Stephanodiscus sp. (diatom) 
Anacystis incerta (blue-green) 
Stephanodiscus subtilis (diatom) 
Rhizosolenia gracilis (diatom) 
Stephanodiscus minutus (diatom) 
Gomphosphaeria lacustris (blue-green) 
Ulothrix sp. (green) 

Flagellates 

Gloeocystis sp. (green) 
Anabaena flos-aquae (blue-green) 
Gomphosphaeria lacustris (blue-green) 
Anacystis incerta (blue-green) 
Cyclotella stelligera (diatom) 
Fragilaria crotonensis (diatom) 
Gloeocystis planctonica (green) 
Oocystis sp. (green) 
Pediastrum duplex ("other" alga*) 



20 
15 
10 
4 
1 
1 
1 

22 

15 

9 

5 

1 
1 
1 
1 

23 
18 
16 
8 
4 
4 
2 
2 
1 
1 

24 
12 
9 
4 
2 
2 
2 
1 
1 
1 
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TABLE 3. Continued. 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



14 Oct 1976 



14 April 1977 



13 July 1977 



14 Oct 1977 



14 April 1978 



Flagellates 

Fragilaria crotonensis (diatom) 
Gomphosphaeria lacustris (blue-green) 
Anacystis incerta (blue-green) 
Cyclotella comensis (diatom) 
Gloeocystis sp. (green) 
Anabaena f los-aquae (blue-green) 
Gloeocystis planctonica (green) 
Melosira granulata (diatom) 

Flagellates 

Ochromonas sp. (flagellate) 
Fragilaria crotonensis (diatom) 
Synedra ostenfeldii (diatom) 
Synedra filiformis (diatom) 
Anacystis incerta (blue-green) 
Cyclotella stelligera (diatom) 

Fragilaria crotonensis (diatom) 

Cyclotella comensis (diatom) 

Anabaena flos-aquae (blue-green) 

Flagellates 

Cyclotella sp. (diatom) 

Anacystis incerta (blue-green) 

Cyclotella michiganiana (diatom) 

Anacystis incerta (blue-green) 

Gomphosphaereia lacustris (blue-green) 

Flagellates 

Fragilaria crotonensis (diatom) 

Melosira granulata (diatom) 

Agmenellum quadruplicatum (blue-green) 

Flagellates 

Ochromonas sp . (flagellate) 
Stephanodiscus sp. #5 (diatom) 
Stephanodiscus sp . (diatom) 
Fragilaria crotonensis (diatom) 
Asterionella formosa (diatom) 
Unknown coccoid green 
Anacystis incerta (blue-green) 



28 

11 
8 
6 
5 
5 
1 
1 
1 

24 
19 
13 
5 
2 
1 
1 

15 
15 
11 
6 
5 
3 
3 

24 

12 

10 

6 

2 

1 

34 
11 
6 
5 
4 
3 
3 
2 
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TABLE 3. Continued, 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



12 July 1978 



11 Oct 1978 



12 April 1979 



11 July 1979 



18 Oct 1979 



10 April 1980 



Flagellates 

Fragilaria crotonensis (diatom) 

Melosira granulata (diatom) 

Anacystis incerta (blue-green) 

Tabellaria fenestrata v. intermedia (diatom) 

Anabaena flos-aquae (blue-green) 

Anacystis cyanea (blue-green) 

Stephanodiscus sp. (diatom) 

Anacystis incerta (blue-green) 

Gomphosphaeria lacustris (blue-green) 

Melosira granulata (diatom) 

Flagellates 

Rhodomonas minuta (flagellate) 

Stephanodiscus hantzschii (diatom) 
Asterionella formosa (diatom) 
Stephanodiscus sp. (diatom) 
Flagellates 

Ochromonas sp. (flagellate) 
Gomphosphaeria lacustris (blue-green) 
Anacystis incerta (blue-green) 
Stephanodiscus alpinus (diatom) 

Anabaena flos-aquae (blue-green) 

Flagellates 

Fragilaria crotonensis (diatom) 

Anacystis incerta (blue-green) 

Melosira granulata (diatom) 

Flagellates 

Gomphosphaeria lacustris (blue-green) 

Stephanodiscus tenuis (diatom) 

Fragilaria crotonensis (diatom) 

Rhodomonas minuta (flagellate) 

Flagellates 

Rhodomonas minuta (flagellate) 
Asterionella formosa (diatom) 
Stephanodiscus minutus (diatom) 
Fragilaria crotonensis (diatom) 
Unknown green colony 

Gomphosphaeria lacustris (blue-green) 
Anacystis incerta (blue-green) 
Gloecystis sp. (green) 



31 
13 
8 
8 
6 
2 
1 
1 

37 

7 
3 
1 
1 

24 
19 
11 
4 
3 
1 
1 
1 

25 

20 

3 

27 
8 
3 
3 
2 
1 
1 

27 
17 
13 
7 
3 
1 
1 
1 
1 
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TABLE 3. Concluded, 



Survey 



Species or group 



Dominant or 

codominant 

occurrences 



9 July 1980 



15 Oct 1980 



10 April 1981 



8 July 1981 



14 Oct 1981 



15 April 1982 



Flagellates 

Fragilaria crotonensis (diatom) 
Asterionella formosa (diatom) 
Anacystis incerta (blue-green) 
Anabaena f los-aquae (blue-green) 
Gomphosphaeria lacustris (blue-green) 

Anacystis incerta (blue-green) 

Gomphosphaeria lacustris (blue-green) 

Flagellates 

Cyclotella comensis (diatom) 

Rhodomonas minuta (flagellate) 

Unknown blue-green colony 

Flagellates 

Asterionella formosa (diatom) 
Anacystis incerta (blue-green) 
Gomphosphaeria lacustris (blue-green) 
Synedra ostenfeldii (diatom) 
Fragilaria crotonensis (diatom) 
Gloeocystis planctonica (green) 

Flagellates 

Anabaena f los-aquae (blue-green) 

Fragilaria crotonensis (diatom) 

Rhodomonas minuta (flagellate) 

Gomphosphaeria lacustris (blue-green) 

Anacystis incerta (blue-green) 

Flagellates 

Cyclotella comensis (diatom) 

Flagellates 

Fragilaria crotonensis (diatom) 
Unknown centric diatom 
Stephanodiscus minutus (diatom) 
Stephanodiscus subtilis (diatom) 
Rhodomonas minuta (flagellate) 
Stephanodiscus sp. (diatom) 
Gloeocystis planctonica (green) 
Gomphosphaeria lacustris (blue-green) 
Tabellaria f enestrata v. intermedia 
Ochromonas sp. (flagellate) 
Anacystis incerta (blue-green) 



21 
19 
15 
10 
8 
1 

29 
14 
5 
2 
2 
1 

45 
9 
6 

1 
1 
1 
1 

24 

20 

4 

25 

16 

13 

6 

2 

29 
10 
6 
5 
3 
2 
2 
2 
1 
1 
1 
1 



*A green alga, but coded as 
coccoid • 



'other" because it is neither filamentous nor 
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numbers of their dominant or codominant occurrences given. This is done to 
assist the reader in sorting the probably important dominants and codominants 
from the rare ones which might be due to the chance capture of a single many- 
celled filament or colony. 

Beginning in 1972 there has been a trend toward increasing numbers of cases 
of dominance or codominance by blue-green algae. Heavy dominance by the blue- 
greens Anacystis incerta and Gomphosphae ria lacustris first appeared in October 
1974 and has been characteristic of Octobers in subsequent years; moderate to 
heavy dominance by Anaba ena f lo s-aq uae began in July of 1975 and has been 
typical of Julys in following years. These dominances are consistent with the 
findings by Tarapchak and Stoermor (1976) and others that in recent years blue- 
greens have increased in Lake Michigan as a result of summer and fall depletion 
of silica in the epilimnion; being lake-caused, the more frequent dominances by 
blue-greens cannot be attributed to Cook Plant operation. 

Master Lists of Phytoplankter s Coll ected 

Appendix C presents the lists of phytoplankters collected in the seasonal 
surveys of 1980, 1981, and April 1982. Ayers and Feldt (1982) give the lists 
of those collected in 1978 and 1979. Ayers and Wiley (1979) list the collec- 
tions of 1977. Ayers (1978) lists the collections of 1976 and previously 
unreported September 1970. Ayers, Southwick , and Robinson (1977) give the 
master lists for the surveys of 1974 and 1975. Ayers (1975) presents the lists 
for the surveys of 1972 and 1973. Ayers, Mozley, and Stewart (1974) list the 
species collected in the seasonal surveys of 1971. Ayers, Mozley, and Roth 
(1973) give the master list for November 1970. Ayers et al . (1971) list the 
species taken in the July survey of 1970. 
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EstabllshT nenl of Cj^l_o£t^ l_lj5 co mensis 

The centrir diatom, Cyclotella c omen sis, previously not found in Cook Plant 
area phytoplankton samples, first occurred in the collections of October 1975 
and has been taken in each seasonal survey since then. Since October 1976 it 
has been present in 74-100% of our station samples. Blooming in late summer and 
fall, it is most apt to become a dominant in October but is present at low 
levels at other times. 

Inner-Outer Graphica l Compariso ns: Diver sity Indices 

Cook Plant species diversity data for the years 1971 through 1977 have been 
presented by Ayers, Southwick, and Robinson (1977), Ayers (1978), Ayers and 
Wiley (1979), and Ayers and Feldt (1982); this section extends those reports to 
include the seasonal surveys of 1980, 1981, and April 1982. 

As was done previously, the diversity index data have been stratified by 

three depth zones and by inner treatment stations (near the plant) and outer 

control or reference stations groups. The diversity index used is, as 

previously, that of Wilhm and Dorris (1968): 

__ S 

d = - E (n-i^/n) log2 (n^/n) 
1 = 1 

where S is the number of species, n is the total number of phytoplankton in 
cells/mL, n-j^ is the number of phytoplankton of the i^^^ species. 

Mean diversity indices and associated standard errors for each depth-zone- 
station-group combination in 1980-82 have been computed and are presented in 
Table 4. In Figure 2 the surveys of 1980-82 have been added at the end of the 
time plots of diversity indices and standard errors which were presented by 
Ayers and Feldt (1982). 
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(continued) 



8 July 


15 


October 


3.98 




3.88 


0.12 




0.13 


12 




12 


3.95 




3.83 


0.15 




0.13 


10 




10 



TABLE 4. Means, standard errors, and numbers of observations of phytoplankton 
diversity indices by seasons, depth zones, and inner or outer station groups in 
Cook Plant major surveys during operational 1980. The diversity index used is 
that of Wilhm and Dorris (1968) based on log 2. Standard errors are computed 
only when the number of observations is two or more. 

1980 10 April 

Zone Inner 

Mean 4.30 

S. E. 0.07 

N 12 

Outer 

Mean 4 . 36 

S. E. 0.07 

N 10 



Zone 1 Inner 

Mean 4.29 3.61 3.18 

S. E. 0.10 0.18 0.34 

N 3 3 3 

Outer 

Mean 3.97 3.56 3.96 

S. E. 0.14 0.14 0.11 

N 4 4 4 



Zone 2 Inner 

Mean 4.16 3.49 3.03 

S. E. 0.23 0.09 0.40 

N 2 2 2 

Outer 

Mean 4.13 3.55 3.04 

S. E. 0.09 0.29 1.08 

N 4 4 4 
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TABLE 4. Continued. 



1981 



10 April 



8 July 


14 October 


2.96 


3.63 


0.16 


0.07 


12 


12 


2.41 


3.76 


0.24 


0.14 


10 


10 



Zone 



Inner 
Mean 
S. E. 

N 

Outer 
Mean 
S. E. 

N 



4.25 
0.08 
12 



3.99 
0.12 
10 



Zone 1 



Inner 
Mean 
S. E. 

N 

Outer 
Mean 
S. E. 

N 



3.48 
0.17 



3.66 
0.14 
4 



2.89 
0.44 
3 



2.97 
0.21 
4 



3. 


,52 


0. 


,18 


3 




3. 


.74 


0. 


.11 


4 





Zone 2 



Inner 
Mean 
S. E. 
N 



3.19 
0.18 
2 



2.98 
0.58 
7 



3.82 
0.05 
2 



Outer 
Mean 
S. E. 
N 



3.31 
0.28 

4 



3.01 
0.21 
4 



3.61 
0.04 
4 



(continued) 
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TABLE 4. 


Concluded. 






1982 




15 April 



3. 


.97 


0, 


,08 


12 




4. 


,15 


0. 


.04 


10 





Zone Inner 
Mean 
S. E. 

N 

Outer 
Mean 
S. E. 

N 



Zone 1 Inner 

Mean 4.19 

S. E. 0.09 

N 3 

Outer 

Mean 4.09 

S. E. 0.09 

N 4 



Zone 2 Inner 

Mean 4.00 

S. E. 0.11 

N 2 

Outer 

Mean 3.59 

S. E. 0.30 

N 4 



33 



4.5 



4.0 



3.5 

CO 

UJ 

•^3.0 



2.5 



2.0 



> 



^ 1.5 
on 

LlI 

> 

Q 1.0 



0.5 



O 



ZONE 









• • INNER 

cy---^ OUTER 



"T m A J N A J S A J C A J S A J U" 

1970 1971 1972 1973 1974 1975 



FIG. 2A. Mean diversity indices in zone by spring, summer, and fall seasons 
and inner and outer station groups in 1970 through 1982. The vertical bars 
show the standard errors. See Table 4 for numbers of observations. 
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FIG. 2B. Mean diversity indices in zone 1 by spring, summer, and fall seasons 
and inner and outer station groups in 1970 through 1982. The vertical bars 
show the standard errors. See Table 4 for numbers of observations. 
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FIG. 2C. Mean diversity indices in zone 2 by spring, summer, and fall seasons 
and inner and outer station groups in 1970 through 1982. The vertical bars 
show the standard errors. See Table 4 for numbers of observations. 
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In Figuro 2 the. annual curves of mean diversity indices generally show 
substantial degrees of parallelism between inner (treatment) and outer (control) 
station groups. Parallelism between the curve for inner and outer stations 
indicates that changes in diversity from season to season have been the same in 
both sets of stations. Parallelism of the curves in the operational years 1975 
through 1981 has been as good as or better than in the preoperational years. 

The placement, on the graphs, of annual curves for inner and outer station 
groups indicates that in zones and 1 the diversities for 1981 were lower than 
in the preceding operational years; in zone 2 the diversities were not notice- 
ably different from those of preceding years. Spring values in 1982 had re- 
turned to 1980 levels. In all zones diversities were higher than in preoper- 
ational years prior to 1974. 

Inner-Outer Graphical Comparisons: Phytoplankton Redundancies 

Redundancy values are derived from the diversity index of Wilhm and Dorris 

(1968): 

_ S 

d = - E (n-j^/n) log2 (nj_/n) 
i = l 

where S is the number of species, n is the total number of phytoplankton in 
cells/mL, n-j^ is the number of phytoplankton of the i^^ species. Diversity as 
presented here is not the true diversity since not all forms encountered can be 
identified to the species level. Therefore, this diversity must be viewed with 
caution. However, since these diversities do mean something about community 
structure they will be used to illustrate changes occurring within the phyto- 
plankton population from year to year and for the derivation of redundancies. 



40 



Redundancy is a measure of the dominance of one or a few species within a 
given population. As presented by Wilhm and Dorris (1968) it is: 



r = 



^max " ^ 



^max "min 



where d is the observed diversity as calculated above, dj^^ax ^^ ^^^ maximum 
diversity for a particular community, and d^j[^ is the minimum possible 
diversity for a particular community, ^max ^^ calculated using the following 
equation : 

d^^^ = (l/n)(log2 n! - s log2 [n/S]!) 

and d^ij^ is calculated usiag the equation: 

d^^^ = (l/n)(log2 n! - s log2 [n~(S-l)]!) 

The values of r range between and 1. An r equal to implies that the species 
encountered in a community each have the same number of cells. An r equal to I 
implies that one species dominates the community of phy to plankton,. The values 
for years 1970 - 1976 have been reported by Ayers (1978); those for 1977 were 
reported by Ayers and Wiley (1979); and 1978 and 1979 are reported by Ayers and 
Feldt (1982). Table 5 gives the means, standard errors, and numbers of observa- 
tions of redundancies in Cook Plant seasonal surveys during 1980, 1981, and 
April 1982 stratified by seasons, depth zones, and inner and outer station 
groups. The means and standard errors are plotted on a time axis in Figure 3. 

After slowly diminishing values in the period 1973 through 1978, redundan- 
cies rose to preoperational levels for the years 1979 through 1981. Spring re- 
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FIG. 3. Mean redundancies of phytoplankton collections from three depth zones 
in the Cook Plant area, by spring, summer, and fall seasons and inner and 
outer station groups in 1970 through 1982. The vertical bars show the 
standard errors. See Table 5 for numbers of observations. 
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dundancies In 1982 were, In all three depth zones, the lowest yet recorded* 

Perhaps more important is that after 1972 there has been much better 
parallelism between the annual curves of redundancies at inner and outer station 
groups ; that is , changes in mean redundancies of collections from the two 
station groups have been much more alike than was the case in earlier 
preoperational years. As it began in the preoperational years and has continued 
into the operational years, the tendency for improved parallelism is attributed 
to some cause in the lake itself. 

There is nothing in this analysis of phytoplankton redundancies to indicate 
that the operation of Cook Plant has exerted any adverse impact on the local 
phytoplankton community. 

Inner-Oute r Graphical Comparisons: Phyt oplankton Abundances By A lgal Cat egor ies 

This section applies the inner-outer graphical analysis method to the 
abundances (in cells per mL) of ten major categories of phytoplankton and 
extends previously reported tabulations, figures, and discussions to include the 
seasonal surveys of 1980, 1981, and April 1982. Earlier years were reported by 
Ayers, Southwick, and Robinson (1977); 1977 was reported by Ayers and Wiley 
(1979); 1978 and 1979 were given by Ayers and Feldt (1982). 

The phytoplankton abundances used are those of total algae and of the nine 
major algal groups: coccoid blue-greens, filamentous blue-greens, coccoid 
greens, filamentous greens, flagellates, centric diatoms, pennate diatoms, 
desmids, and other algae. The use of major algal groups bypasses difficulties 
stemming from inability always to identify to species, and is justifiable on the 
basis that members of each individual group have more or less similar functions 
in the ecosystem. 
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Table 6 presents, for the seasonal surveys of 1980-April 1982, means, 
standard errors, and numbers of observations of abundances of total algae and 
the nine major groups of planktonic algae in the three depth zones and the inner 
and outer station groups. These are graphed with the preceding years in 
Figure 4. 

Filamentous green algae (Fig. 4A), which in April 1976 had somewhat in- 
creased in abundance in both station groups and in all three depth zones, re- 
turned to preoperational levels in July of that year and have remained there 
ever since. 

Desmids (Fig. 4B) have shown almost no variation in abundance over the 
entire 12 years of the study. 

Filamentous blue-green algae (Fig. 4C) have been more abundant in all depth 
zones and both sets of stations in the 7 operational years. On the whole, these 
algae show a slow increase from 1970 through 1981, although 1980 was a year with 
lower abundances and 1982 exhibited typical low spring numbers. The increased 
abundances were generally in all three depth zones and in both station groups; 
they are consequently considered to be effects of lake eutrophication , rather 
than effects of plant operation. 

Coccoid green algae (Fig. 4D) have been present in all depth zones and both 
station groups in variable abundances of about 500 cells per mL in each survey 
of the study area. An unusually high mean abundance at zone outer stations in 
April 1981 was due to a single-sample collection of 9,550 cells/mL at station 
SDC-2-0; with this sample omitted, the mean became 56.01 + 15.53 cells/mL, 
otherwise their abundances in 1981 and spring 1982 were comparable to those of 
the preceding years. 
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Table 6. Means, standard errors, and numbers of observations of phytoplankton abundances by seasons, depth 
zones, and inner and outer station groups in Cook Plant major surveys during 1980, 1981, and April 1982. Units 



are ( 


:ells per mL 


. B-G = 


blue-greens, Filam, 


. « filamentous. 












Zone 


Inner 
Outer 

PRIL 1980 


Coccoid 
B-G 


Filam. 
B-G 


Coccoid 
greens 


Filam. 
greens 


Flagel- 
lates 


Centric 
diatoms 


Pennate 
diatoms 


Desmids 


Other 
al^ae 


Total 
algae 


10 A] 











Inner 
Mean 
S. E. 

N 


123.25 
69.96 
12 


5.94 
1.60 
12 


180.17 
72.07 
12 


0.55 
0.55 
12 


743.78 
125.59 
12 


914.98 
153.17 
12 


936.81 
164.75 
12 


0.83 
0.59 
12 


67.28 
26.10 
12 


2974.26 
370.85 
12 




Outer 
Mean 
S. E. 

N 


2.65 
2.65 
10 


11.26 
4.02 
10 


132.32 
63.31 
10 


1.99 
1.99 
10 


1308.88 
213.51 
10 


1088.35 

135.45 
10 


999.15 
135.85 
10 


0.99 
0.71 
10 


81.57 
29.10 
10 


3627.19 
375.58 
10 


]. 


Inner 
Mean 
S. E. 

N 


42.00 
42.00 
3 


2.77 
1.47 
3 


21.57 
9.25 
3 




3 


764.37 

235.76 

3 


907.80 

107.61 

3 


581.97 
95.24 
3 


1.10 
1.10 
3 


4.40 
2.91 
3 


2403.67 

374.45 

3 




Outer 
Mean 
S. E. 

N 


9.10 
6.25 

4 


5.80 
4.77 
4 


7.45 
6.40 
4 





4 


1067.38 
83.30 
4 


799.58 

187.48 

4 


572.00 

102.06 

4 


3.73 
2.17 
4 


43.95 
12.37 
4 


2509.05 

211.48 

4 


2 


Inner 
Mean 
S. E. 

N 


165.80 
33.20 
2 


31.50 
29.80 
2 


37.35 
26.41 
2 


9.10 
9.10 
2 


651.60 
8.30 
2 


438.55 
0.85 
2 


317.55 
32.35 
2 




2 


114.40 
89.50 
2 


1765.85 
74.65 
2 




Outer 
Mean 
S. E. 

N 


170.78 
91.12 

4 


3.73 
1.70 

4 


22.78 
8.41 
4 




4 


872.58 

175.91 

4 


630.08 
36.79 
4 


368.53 
82.62 
4 


3.73 
3.73 
4 


17.40 
5.70 
4 


2089.58 

353.04 

4 


9 JULY 1980 

























Inner 

Mean 
S. E. 

N 


371.61 
83.22 
12 


99.70 
36.06 
12 


97.40 
17.80 
12 




12 


447.84 
50.21 
12 


246.43 
73.37 
12 


2018.00 
543.56 
12 


0.41 
0.34 
12 


189.37 
45.97 
12 


3470.82 
552.16 
]2 




Outer 
Mean 
S. E. 

N 


293.63 
112.21 
10 


200.79 
86.57 
10 


131.64 
31.93 
10 


0.17 
0.17 
10 


600.55 
112.29 
10 


150.22 
42.24 
10 


1290.14 
356.38 
10 


1.49 
0.66 
10 


137.81 
44.44 
10 


2806.43 
629.01 
10 


1 


Inner 
Mean 
S. E. 

N 


179.33 
72.57 
3 


97.83 
33.78 
3 


86.50 
9.84 
3 


0.27 
0.27 
3 


618.47 
96.74 
3 


53.63 
3.18 
3 


395.17 
67,48 
3 


0.83 
0.49 
3 


127.67 
33.46 
3 


1559.70 

209.31 

3 




Outer 
Mean 
S. E. 

N 


165.48 
53.27 
4 


102.93 
49.01 
4 


128.18 
38.73 
4 




4 


348.20 
42.67 
4 


56.38 
11.46 
4 


403.95 

108.02 

4 


2.10 
1.05 
4 


47.65 
13.01 
4 


1254.88 

125.87 

4 


2 


Inner 
Mean 
S. E. 

N 


247.70 
85.60 
2 


87.05 
22.35 
2 


107.15 
47.45 
2 




2 


459.25 
35.25 
2 


42.10 
19.70 
2 


223.20 
28.00 
2 


0.40 
0.00 
2 


54.70 
2.50 
2 


1221.55 
240.85 

2 




Outer 
Mean 
S. E. 

N 


323.65 

142.32 
4 


110.15 
34.71 

4 


104.25 
27.52 
4 


0.83 
0.83 
4 


356.48 

44.34 
4 


43.13 
8.10 
4 


277.10 
81.09 
4 


1.13 
0.47 
4 


44.78 
9.11 
4 


1261.48 

193.00 

4 
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Tab If 6 continued. 




















Zone Inner 
Outer 


Coccoid 
B-G 


Fllam. 
B-G 


Coccoid 
greens 


Fllam. 
greens 


Flagel- 
lates 


Centric 
diatoms 


Pennate 
diatoms 


Desmlds 


Other 
al^ae 


Total 
algae 


15 OCTOBER 1980 








Inner 
Mean 
S. E. 

N 


2281.91 
327.98 
12 


32.32 
17.90 
12 


193.84 
24.85 
12 


8.56 
2.47 
12 


843.82 
134.57 
12 


966.79 
159.30 
12 


649.96 
98.51 
12 


0.83 
0.43 
12 


243.18 
39.96 
12 


5221.25 
516.79 
12 


Outer 
Mean 
S. E. 

N 


2097.95 
336.58 
10 


41.13 
15.82 
10 


334.11 
74.02 
' 10 


18.25 
8.97 
10 


867.35 
120.38 
10 


967.32 
133.32 
10 


665.38 
105.22 
10 


0.99 
0.71 
10 


280.20 
71.44 
10 


5266.33 
530.01 
10 


1 Inner 
Mean 
S. E. 

N 


7136.33 

2556.77 

3 


75.17 
39.91 
3 


205.63 

105.40 

3 


1.10 
1.10 
3 


1013.63 

320.87 

3 


889.83 

47.05 
3 


510.70 

204.22 

3 




3 


168.00 
73.55 
3 


6997.33 

3315.21 

3 


Outer 
Mean 
S. E. 

N 


1212.45 

448.87 

4 


82.90 
68.61 
4 


197.73 
43.79 
4 


41.45 
38.22 

4 


759.80 
66.12 
4 


555.48 

234.72 

4 


452.23 

224.95 

4 


0.43 
0.43 

4 


198.13 
25.03 
4 


3500.58 

911.75 

4 


2 Inner 
Mean 
S. E. 

N 


2966.25 

654.95 

2 


82.90 
69.60 

2 


116.10 
63.00 
2 




2 


572.05 
81.25 
2 


1253.50 
165.80 

2 


643.35 

139.25 

2 




2 


179.05 
92.85 
2 


5813.20 
43.10 
2 


Outer 
Mean 
S. E. 
N 


5096.90 

2074.85 

4 


31.50 
22.11 
4 


135.98 
49.62 
4 


2.48 
1.58 

4 


803.33 

157.18 

4 


570.43 

141.95 

4 


423.63 
107.36 

4 


0.83 
0.83 

4 


115.23 
11.53 
4 


7180.18 
1959.77 

4 



10 APRIL 1981 







Inner 
Mean 
S. E. 
N 


389.09 
112.01 
12 


17.69 
3.80 
12 


88.98 
19.87 
12 


0.55 
0.55 
12 


1632.91 
121.78 
12 


702.74 
74.43 
12 


1603.33 
201.58 
12 


0.83 
0.59 
12 


232.13 
33.29 
12 


4668.28 
352.68 
12 


Outer 
Mean 
S. E. 

N 


427.13 
189.31 
10 


28.28 
8.14 
10 


1005.45 
949.54 
10 


0.66 
0.66 
10 


2159.63 
623.81 
10 


559.43 
47.86 
10 


1267.42 
5.14 
10 


1.98 
1.12 
10 


1380.65 

1195.76 

10 


6830.73 

2785.42 

10 


Inner 
Mean 
S. E. 

N 


445.47 

322.06 

3 


11.03 
4.83 
3 


27.63 
19.55 
3 




3 


1620.47 

205.54 

3 


333.83 
63.40 
3 


603.53 

144.35 

3 




3 


123.80 
10.55 
3 


3165.83 

570.72 

3 


Outer 
Mean 
S. E. 

N 


248.73 
188.33 

4 


9.53 
3.98 

4 


28.63 
18.37 
4 


0.43 
0.43 

4 


1427.60 

206.77 

4 


313.38 
49.79 

4 


518.55 
110.70 

4 


1.65 
1.65 
4 


98.65 
13.64 
4 


2647.13 

474.48 

4 


Inner 
Mean 
S. E. 

N 




2 


26.50 
19.90 
2 


41.45 
34.85 

2 


9.15 
4.15 
2 


1219.50 
7.50 
2 


185.70 
6.60 

2 


408.70 
72.10 
2 


1.65 
1.65 
2 


73.80 
14.10 
2 


1966.45 
132.65 

2 


Outer 
Mean 
S. E. 
N 


4.15 
4.15 
4 


4.55 
0.79 

4 


24.88 
17.48 
4 




4 


1464.90 
70.51 
4 


245.80 
36.51 
4 


248.73 
68.51 

4 


0.43 
0.43 
4 


88.30 
41.17 
4 


2081.70 

208.71 

4 
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Table 6 continued. 




















Zone Inner 
Outer 


Coccoid 
B-G 


Filam. 
B-G 


Coccoid 
greens 


Filam. 
greens 


Flagel- 
lates 


Centric 
diatoms 


Pennate 
diatoms 


Desmids 


Other 
algae 


Total 
algae 


8 JULY 1981 








Inner 
Mean 
S. E, 

N 


42.83 
42.83 
12 


977.02 
350.39 
12 


156.07 
40.59 
12 


1.93 
1.19 

12 


940.68 
103.07 
12 


76.13 
24.63 
12 


593.87 
185.10 
12 


0.14 
0.14 
12 


32.47 
6.97 
12 


2821.13 
506.90 
12 


Outer 
Mean 
S. E. 

N 


155.86 
. 138.07 
10 


1510.83 
466.55 
10 


112.59 
58.69 
10 


3.15 
1.98 
10 


1484.79 
324.35 
10 


57.36 
17.14 
10 


379.69 
130.40 
10 




10 


13.09 
5.27 
10 


3717.37 
888.37 
10 


1 Inner 
Mean 
S. E. 

N 


7.20 
. 7.20 
3 


434.43 

205.27 

3 


112.47 
97.98 
3 


5.00 
4.18 
3 


1094.33 

349.28 

3 


42.27 
26.69 
3 


247.03 

133.15 

3 


0.57 
0.57 
3 


27.10 
13.57 
3 


1970.33 

571.84 

3 


Outer 
Mean 
S. E, 

N 


26.52 
. 24.38 
4 


456.18 

194.70 

4 


77.53 
16.85 

4 


4.15 
1.44 
4 


1176.20 

213.57 

4 


115.23 
15.68 
4 


202.90 
47.88 
4 


1.45 
0.71 
4 


19.88 
5.79 
4 


2080.05 

289.10 

4 


2 Inner 
Mean 
S. E, 

N 





2 


803.30 

682.30 

2 


15.75 
15.75 
2 


7.05 
5.35 
2 


986.15 
57.65 
2 


88.70 
2.50 

2 


211.80 
76.70 
2 




2 


17.85 
12.85 
2 


2130.65 
669.85 

2 


Outer 
Mean 
S. E 

N 





4 


1232.78 
865.01 

4 


292.23 

181.57 

4 


3.73 
2.17 
4 


1637.38 

528.25 

4 


179.08 
76.93 
4 


254.50 
88.60 

4 


2.50 
1.45 
4 


64.68 
39.02 

4 


3666.80 
1693.37 

4 


14 OCTOBER 1981 




















Inner 
Mean '. 
S. E. 

N 


2062.34 
355.84 
12 


35.07 
19.20 
12 


197.03 
44.74 
12 


3.45 
1.16 
12 


2125.63 
163.95 

12 


824.20 
102.26 
12 


613.63 
64.45 
12 


2.35 
1.36 
12 


174.68 
19.32 
12 


6020.98 
548.55 
12 


Outer 
Mean : 
S. E. 
N 


L394.76 
419.44 
10 


133.95 
125.22 
10 


250.70 
52.23 
10 


1.82 
0.71 
10 


1675.47 
154.48 
10 


742.15 
87.34 
10 


487.81 
73.98 
10 


1.16 
0.70 
10 


381.39 
189.34 
10 


4773.73 
613.83 
10 


1 Inner 
Mean ; 
S. E. 

N 


1460.29 

669.39 

3 


72.93 
71.29 
3 


259.80 

124.85 

3 


0.57 
0.57 
3 


1805.60 
83.06 
3 


767.13 

205.68 

3 


436.97 

172.30 

3 


1.10 
1.10 
3 


138.13 
12.75 
3 


5017.30 

987.61 

3 


Outer 
Mean '. 
S. E. 

N 


1311.95 

376.35 

4 


12.43 
12.43 
4 


142.60 
50.90 
4 


0.83 
0.83 
4 


1602.13 

264.54 

4 


676.88 
130.81 

4 


361.85 
100.92 

4 





4 


130.58 
62.62 
4 


4239.25 

887.01 

4 


2 Inner 
Mean 
S. E. 
N 


958.35 

484.5 

2 


24.85 
18.25 
2 


289.35 
35.65 
2 


6.65 
6.65 
2 


2038.60 

166.60 

2 


542.20 
97.80 
2 


768.50 

422.00 

2 


1.65 
1.65 
2 


199.80 
95.30 

2 


4829.95 

1291.65 

2 


Outer 
Mean : 
S. E. 

N 


1402.30 

575.17 

4 


1.25 
0.79 
4 


129.75 
45.46 
4 




4 


1399.83 

237.98 

4 


309.65 

57.33 
4 


189.83 

58.44 
4 




4 


89.95 
23.33 
4 


3522.55 

940.52 

4 
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Table 6 concluded. 



Zone 



Inner 
Outer 



Coccold 
B-G 



15 APRIL 1982 

Inner 

Mean 257.27 

S. E. 152.14 

N 12 

Outer 

Mean 37.81 

S. E. 25.25 

N 10 



Filam. 
B-C 



13.53 
3.15 
12 

34.81 
18.88 
10 



Coccold 
g reens 



480.98 
371.76 
12 

251.20 
149.11 
10 



Filam. 
greens 



8.01 
3.90 

12 

10.09 
5.25 
10 



Flagel- 
lates 



2185.20 
389.66 
12 

1533.87 
161.97 
10 



Centric 
diatoms 



1950.71 
232.08 
12 

1809.60 
89.47 
10 



Pennate 
diatoms 



1590.08 
221.93 
12 

1201.92 
98.06 
10 



Desmids 



Other 
algae 



0.55 360.36 

0.37 81.83 

12 12 

0.99 301.95 

0.71 37.66 

10 10 



Total 
al gae 



6846.69 

1000.89 

12 

5182.44 
329.10 
10 



Inner 
Mean 
S. E. 

N 

Outer 
Mean 
S. E. 

N 



11.03 
4.83 
3 

70.88 
62.66 

4 



21.00 
3.97 
3 

129.73 
66.83 

4 



26.53 
23.31 
3 

8.30 
8.30 
4 



1372.90 

191.37 

3 

1307.38 

321.53 

4 



938.47 

161.40 

3 

834.40 
194.68 

4 



961.70 
75.42 
3 

940.95 

229.37 

4 



190.13 
50.73 
3 

134.73 
57.49 
4 



3521.73 

377.29 

3 

3426.65 
783.85 

4 



Inner 
Mean 
S. E. 

N 

Outer 
Mean 
S. E. 

N 



3.30 
3.30 

2 

73.38 
72.28 

4 



9.95 
3.35 

2 



45 
68 



39.80 
13.30 



21.15 
11.33 



2.48 
1.58 
4 



1450.80 

326.60 

2 

1271.73 

162.83 

4 



727.90 
253.70 

2 

458.03 
81.55 
4 



708.00 

240.40 

2 

686.03 

184.17 

4 



0.83 
0.83 

4 



77.90 3017.65 

8.30 809.15 

2 2 

40.20 2561.28 

8.36 261.79 

4 4 



50 



Other algae (Fig. 4E), after increased abundances in July and October of 
1978, diminished in 1980 to levels comparable to other operational years. 
The anomalously high mean at zone outer stations in April 1981 was due to a 
one-sample collection of 12,137 cells/mL at station SDC-2-0; with that station 
omitted the mean becomes 185.50 4- 42.81 cells/mL, otherwise the abundance of 
these algae in 1981 and spring 1982 was comparable to those of preceding years. 

Coccoid blue-greens (Fig. 4F) , which had been recorded in small numbers 
during most of the preoperational surveys, increased notably in October 1974 
(due in part to a change in counting method that year) and this pattern has been 
characteristic in the years since. The increases have taken place in both inner 
and outer stations, but not in a consistent manner. This continued in 1981. 

Flagellates (Fig. 4G) , after showing increasing abundances from 1970 
through 1978, were somewhat less abundant in 1979 and 1980, but in 1981 they 
returned to their 1978 levels in zone and attained their greatest recorded 
abundances in zones J and 2. Abundances were high in April 1982. 

Pennate diatoms (Fig. 4H) in zone showed summer abundance peaks (believed 
due to sampling during upwellings) that diminished from 1978 through 1980. In 
all three depth zones in 1981 the pennates returned to having the more typical 
summer abundance minima. The general impression from 1978 through 1981 is that 
pennates in all zones and both station groups have been diminishing in 
abundance. Spring abundances in 1982 in zone were similar to those of spring 
1981; in zones 1 and 2 they were higher than in any spring since 1977. 

Centric diatoms (Figs. 41, 4J, 4K) in 1981 exhibited summer abundance 
minima in both station groups and in all three depth zones. In depth zone the 
abundance of centrics has decreased drastically during 1978 through 1981; in 
zone 1 there has been a modest decrease during 1978-81; in zone 2 their 
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FIG. 4A. Mean abundances of filamentous green algae in zones - 2 in the 
spring, summer, and fall seasonal surveys of 1970 through April 1982. 
Space does not permit the drawing of standard error bars. See Table 6 for 
standard errors and numbers of observations. 
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FIG. 4B. Mean abundances of desmids in zones - 2 in the spring, summer, and 
fall seasonal surveys of 1970 through April 1982. Space does not permit the 
drawing of standard error bars. See Table 6 for standard errors and numbers 
of observations. 
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FIG. 4C. Mean abundances of filamentous blue-green algae in zones - 2 in 
the spring, summer, and fall seasonal surveys of 1970 through April 1982. 
Where space permits, vertical bars show the standard errors. See Table 6 for 
other standard errors and for numbers of observations. 
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FIG. 4D. Mean abundances of coccoid green algae in zones - 2 in the spring, 
summer, and fall seasonal surveys of 1970 through April 1982. The vertical 
bars show the standard errors. See Table 6 for numbers of observations. 
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FIG. 4E. Mean abundances of "other algae" in zones - 2 in the spring, 
summer, and fall seasonal surveys of 1970 through April 1982. The vertical 
bars show the standard errors. See Table 6 for numbers of observations. 
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FIG. 4F. Mean abundances of coccoid blue-green algae in zones - 2 in the 
spring, summer, and fall seasonal surveys of 1970 through April 1982. 
The vertical bars show the standard errors. See Table 6 for numbers of 
observations. 
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FIG. 4G. Mean abundances of flagellates in zones - 2 in the spring, summer, 
and fall seasonal surveys of 1970 through April 1982. The vertical bars show 
the standard errors. See Table 6 for numbers of observations. 
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FIG. 4H. Mean abundances of pennate diatoms in zones - 2 in the spring, 
summer, and fall seasonal surveys of 1970 through April 1982. The vertical 
bars show the standard errors. See Table 6 for numbers of observations. 
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FIG. 4l. Mean abundances of centric diatoms in zone in the spring, summer, 
and fall seasonal surveys of 1970 through April 1982. The vertical bars show 
the standard errors. See Table 6 for numbers of observations. 
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FIG. 4J. Mean abundances of centric diatoms in zone 1 in the spring, summer, 
and fall seasonal surveys of 1970 through April 1982. The vertical bars show 
the standard errors. See Table 6 for numbers of observations. 
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FIG. 4K. Mean abundances of centric diatoms in zone 2 in the spring, summer, 
and fall seasonal surveys of 1970 through April 1982. The vertical bars show 
the standard errors. See Table 6 for numbers of observations. 
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FIG. 4L. Mean abundances of total algae in zone in the spring, summer, and 
fall seasonal surveys of 1970 through April 1982. The vertical bars show the 
standard errors. See Table 6 for numbers of observations. 
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FIG. 4M. Mean abundances of total algae in zone 1 in the spring, summer, and 
fall seasonal surveys of 1970 through April 1982. The vertical bars show the 
standard errors. See Table 6 for numbers of observations. 
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FIG. 4N. Mean abundances of total algae in zone 2 in the spring, summer, and 
fall seasonal surveys of 1970 through April 1982. The vertical bars show the 
standard errors. See Table 6 for numbers of observations. 
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diminution is less plain but 1981 is definitely less than 1978. In all zones 
spring mean numbers were the highest since spring 1979. 

Total algae (Figs. 4L, AM, 4N) in both station groups of zones and 1 
showed decreasing abundances from 1978 through 1981 after increasing from 1974 
to 1978. Zone 2 showed these trends (but less clearly due to poor parallelism 
in the annual curves of 1977, 1978, 1979, and 1981), indeed, the rising trend in 
the early years appears to begin with 1971. The early-years rise and later- 
years decrease in total algae may be parts of a natural cycle of abundance, but 
it is interesting to note that the Great Lakes Water Quality Board (1981, p. 43) 
has reported to the International Joint Commission that the phosphorus loading 
of Lake Michigan went from its high of 2,339 tonnes/year in 1976 to 1,045 
tonnes/year in 1980. 

Inner-Outer Statistical Comparisons: Phytoplankton Abundances by Algal 
Categories 

In the Environmental Operating Report for 1977 we reported statistical 
tests for significant differences in the mean abundances of ten algal categories 
at inner vs. outer station groups in three depth zones during the seasonal 
surveys of 1970 through 1977; each subsequent EOR has extended the tests through 
another year; and this section extends them through 1980, 1981, and April 1982. 

The strategy was that if plant-caused effects on the phytoplankton were 
present they could be expected to show as consistent significant differences in 
overall cell densities between the inner and outer stations. Corollary to this 
was the possibility that plant operation might influence cell densities in one 
or more affected zones but not in others. Another corollary was that plant 
operation might act selectively upon one or a few of the ten categories of 
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algae, producing consistent significant differences in densities of the affected 
categories between inner and outer station groups. 

For each season in each depth zone all available cell densities of each 
algal category were averaged to give seasonal mean abundances at the inner and 
outer station groups, and comparisons were made by two-sample t-test between 
inner and outer mean densities of each category in each depth zone. 

Table 7 gives the means, variances, numbers of observations, and t-test of 
significance for each algal category in each season, station group, and depth 
zone during 1980, 1981, and April 1982. 

During the period July 1970 through April 1982, 941 paired comparisons of 
inner vs. outer station group cell density means have been possible; 350 were 
from preoperational years and 591 were from operational 3^ears. l>jring the 
entire period there have been a total of 49 cases of significant differences in 
mccin coll densities between inner and outer station groups; these amount to 
5.20% of the possible comparisons. In preoperational years there were 20 cases 
of significant differences out of 350 paired comparisons, amounting to 5.71% of 
the possible comparisons. In operational years there have been 29 cases out of 
591 comparisons, amounting to 4.90% of the comparisons. 

The following tabulation summarizes the distribution of the cases wherein 
there were significant (at the .05 or .01 levels) differences between mean 
densities of phytoplankton categories at inner vs. outer station groups. 
In each case the order of the abbreviations is: year, depth zone, season (Sp, 
Su, Fa), and I or indicating which station group had the greater mean density 
of cells. Cases in operational years are underlined. 
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Coccoid blue-greens 75 ,Z2 ,Fa ,1 
Filamentous blue-greens 75 ,Z1 , Su,0 
Coccoid greens 



78,Z 2,Su, I 
75,Z2,Fa,l 



79,Z0,Sp,O 
76,Z2,Su,I 



Filamentous greens 
Flagellates 

Centric diatoms 

Pennate diatoms 

Desmids 
Other algae 

Total algae 



70,Z2,Su,l 
77,Z2,Su,I 



71,Zl,Su,0 
76,Z2,Fa,I 
8Q,Z0,Sp,O 

72,Zl,Sp,0 
80,Z2,Sp ,O 

70,Zl,Sn,0 
79,Zl,Fa,I 



71,Z2,Su,I 75,ZO,Fa,0 



None 



76,Z2,Fa,l 



72,Z2,Sp,0 73,Zl,Fa,0 74,Z2,Fa,0 

77,Zl,Su,0 77,Zl,Fa,0 79,Z2,Fa,0 
80,Zl,Su,l 

72,Zl,Fa,I 75,Z0,Fa,l 75,Z2,Fa,I 



71,Z2,Su,0 73,Zl,Sp,0 75,Z2,Fa,I 



71,Zl,Su,0 71,Z2,Su,l 



71,Zl,Sp,0 
74,Z2,Sp,I 
82 ,Z2,Sp,l 

72,Z0,Sp,O 
78,Z2,Su,0 



73,Z0,Sp,l 73,Zl,Su,I 73,Z2,Fa,T 

77,Z2,Fa ,I 80,ZI,Sp,0 81 ,Z0,Su,l 

72,Z2,Sp,0 76,Zl ,Sp,0 77,Z2,Su,l 
79,Z2,Su,l 



1975 


7* 


1976 


4 


1977 


6 


1978 


2 


1979 


4 


1980 


4 


1981 


1 


1982 (1 season) 


1 



Summarized by years the numbers of significant differences were: 

1970 (2 seasons) 2 

1971 6 

1972 5 

1973 5 

1974 2 



^Erroneously reported as 6 in previous reports. 

Although seven significant differences in 1975 is the highest yet found, 
it is small relative to the 78 paired comparisons of that year. The numbers of 
significant differences appear to be within the natural range of variation; 
no effect of plant operation is evident in this analysis. 

Summarized by depth zones, with the station group having the greatest 
density indicated, and with operational years underlined, the cases of sig- 
nificant difference were: 
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Zone Zone 1 Zone 2 

Inner greater 1+2^ Inner greater 3 + _2 Inner greater 5* + 1^ 

Outer greater 1+3^ Outer greater 7 ■+• 5^ Outer greater 4 f 3 

*Erroneously reported as 6, previously. 

Except for the inner station group of depth zone 2, the distributions of 
significant differences between preoperational and operational years appear to 
be within the normal range of variation. The increase in numbers of differences 
in zone 2 inner stations in operational years may possibly be an effect of plant 
operation, but of the 591 comparisons in operational years it is a minute 
(2.36%) effect. 

CONCLUSIONS 

The phytoplankton community in the Cook Plant vicinity in 1980 and 1981 
continued an overall trend toward decreased abundance which began after a high 
in 1978. Declines in diatom abundances (attributed to reduced nutrient loading 
to the lake) have outweighed variations in the other categories and affected the 
totals. Coccoid blue-greens in 1981 continued to be low in abundance in spring 
and summer but to have abundance peaks in fall (attributed to late summer and 
fall depletion of silica in the epilimnetic water). Flagellates decreased in 
1979 and 1980 but returned to their 1978 level in 1981. The remaining 
categories of phytoplankton have exhibited little variation in abundances over 
the twelve years of the study. Abundance changes at both inner and outer 
stations have generally been in the same directions and are considered to 
reflect changes in the lake , not any clear effect of Cook Plant operation. 

Statistically significant differences between mean abundances of phyto- 
plankton categories at inner and outer stations have been low during the period 
of study (5.20%) of the comparisons overall, 5.71% in preoperational years, and 
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4.90% in operational years. Except for the inner station group of depth zone 
2, the distributions of significant differences between preoperational and 
operational years appear to be within the normal range of variation. The 
increase in numbers of differences in zone 2 inner in operational years may 
possibly be an effect of plant operation on blue-green algae densities in that 
area, but of the 591 paired comparisons in operational years it is a minute 
(2.36%) effect. 

Mean diversity indices have varied somewhat from season to season and from 
year to year during the twelve years of the study. The annual curves of 
diversity indices indicate, in each depth zone and station group, a gradual 
trend toward higher indices from 1970 through 1976 followed in subsequent years 
by a slow trend toward lower levels. In all depth zones and both station groups 
species diversities indicated by the indices continue to be higher than in the 
preoperational years. These analyses show no adverse effect of Cook Plant 
operation. 

In 1979 phytoplankton redundancy values rose to preoperational levels after 
a period of slowly diminishing values from 1973 through 1978; they have remained 
at preoperational levels in 1980 and 1981. There is nothing in this analysis of 
phytoplankton redundancies to indicate that operation of Cook Plant has had any 
adverse impact on the local phytoplankton community. 
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